Cholera-like enterotoxin produced by a non-O1 strain of Vibrio cholerae, S7 (S7 enterotoxin), isolated from human diarrheal stool, was purified, and its physicochemical, biological, and immunological properties were compared with those of cholera enterotoxin from V. cholerae 01 569B (CT) and an enterotoxin produced by another non-O1 V. cholerae (E8498 enterotoxin) reported previously (Yamamoto et al., Infect. Immun. 39:1128-1135, 1983. The purified S7 enterotoxin had physicochemical properties different from those of CT and E8498 enterotoxin. S7 enterotoxin had greater relative mobility in conventional polyacrylamide gel disc electrophoresis and a lower isoelectric point, and its B subunit was smaller than those of CT and E8498 enterotoxin. The results of sodium dodecyl sulfatepolyacrylamide slab gel electrophoresis suggested that the size of the aggregate of the B subunits of S7 enterotoxin is larger than that of CT and E8498 enterotoxin. The biological and immunological properties of S7 enterotoxin were indistinguishable from those of CT and E8498 enterotoxin. These results indicate that non-O1 vibrios may produce more than one kind of cholera-like enterotoxin: one which is identical to CT (E8498 enterotoxin type) and another which is not identical to CT (S7 enterotoxin type).
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It has been reported that some non-O1 strains of Vibrio cholerae (non-O1 vibrios) produce an enterotoxin similar to cholera toxin (CT) (4, 19, 29, 30, 32) . We have purified and characterized an enterotoxin (E8498 toxin) from a non-O1 vibrio strain, E8498, which was isolated from the environment, and concluded that the E8498 toxin is indistinguishable from CT biologically, immunologically, and in molecular composition (4, 29) .
In the present paper, we report the purification and characterization of an enterotoxin (S7 enterotoxin) produced by a non-01 vibrio, strain S7, which was isolated from a diarrhea patient (30) (31) (32) (28) .
Preparation of partially purified toxin. Culture for toxin production by the lincomycin-resistant mutant of S7 was carried out as previously described (29) . An overnight culture was inoculated into Roux flasks containing 150 ml of Casamino Acids-yeast extract medium supplemented with 0.2% glucose (4) and 100 ,ug of lincomycin per ml (28) 3.5% perchloric acid for 2 h as described previously (22) . Ouchterlony immunodiffusion test. Double diffusion tests were carried out by the method of Ouchterlony (21) with 1.2% Noble agar (Difco Laboratories, Detroit, Mich.) in phosphate-buffered saline (pH 7.0) containing 0.01% NaN3. After the samples were applied, the agar plates were incubated in a humidified incubator for 18 h at 37°C.
PIH. Passive immune hemolysis (PIH) was carried out to detect CT antigen as previously described (29) . Samples were mixed with washed sheep erythrocytes, anti-CT antibody, and guinea pig complement, with incubation at 37°C. Hemolysis was determined by measuring the absorbance of the supernatant at 420 nm.
Antiserum. Antiserum was obtained by subcutaneous injection of four doses (15 ,ug each) of purified toxin preparations in 2 ml of phosphate-buffered saline (pH 7.0) into rabbit foot pads as described previously (29) . The first injection was made with an equal volume of Freund complete adjuvant (Difco), and the other three were made with Freund incomplete adjuvant (Difco). Blood was taken 7 days after the fourth injection.
Determination of protein. Protein content was determined by the method of Lowry et al. (17) , with bovine serum albumin as a standard.
RESULTS
Purification of S7 enterotoxin. Procedures for the purification of the enterotoxin from S7 were essentially those previously described for the environmental strain E8498. Partially purified toxin was chromatographed successively on Sephadex G-100, Bio-Gel A-Sm and Sephadex G- Fig. 1 . Two protein peaks were observed. The first peak was positive in both the PIH and PF tests, whereas the second peak was positive only in the PIH test. The first peak was pooled and used as purified S7 toxin for further study. The second peak was considered to be a spontaneous aggregate of B subunits which corresponded to the choleragenoid found in culture supernatants of V. cholerae 569B (8) .
Conventional polyacrylamide disc gel electrophoresis. The purity of the purified toxin was examined by conventional polyacrylamide disc gel electrophoresis. The purified S7 toxin gave a single band stained as shown in column 3 of Fig.  2 . This band coincided with biological activity in the PF test (data not shown). However, S7 toxin migrated faster than 569B CT (column 1) and E8498 toxin (column 2), suggesting that the electrical charge of the surface of S7 toxin was different from that of 569B CT and E8498 toxin.
Isoelectric points. The isoelectric point of S7 toxin was determined by polyacrylamide gel electrofocusing, as shown in Fig. 3 . The pIs of both 569B CT and E8498 toxin were between 6.8 and 7.3, whereas that of S7 toxin was about 6.6 . SDS slab gel electrophoresis. SDS slab gel electrophoresis was carried out to compare the structures of the toxin molecules. As shown in lane 3 of Fig. 4 , S7 toxin gave two bands corresponding to subunits A and B of 569B CT (lane 1). The mobility of subunit A of CT (lane 1), E8498 toxin (lane 2), and S7 toxin (lane 3) was almost identical, indicating that the molecular sizes of these three molecules are similar. When subunit A of S7 toxin was reduced, it was separated into A1 and A2 fragments, as is the case for subunit A of CT and E8498 toxin. The mobility of subunit B of S7 toxin (Fig. 4 , lanes 3 and 6) was slightly faster than that of CT (Fig. 4,  lanes 1 and 4) and E8498 toxin (Fig. 4, lanes 2  and 5) , indicating that subunit B of S7 was smaller than that of CT and E8498 toxin.
Experimental data shown in Fig. 5 demonstrate another difference in the molecular structure of S7 toxin from that of CT and E8498 toxin. In this experiment, toxins were incubated with SDS without heating before electrophoresis was carried out. Under these experimental conditions, B subunits migrate as a pentamer, rather than as a monomer. As shown in Fig. 5 , CT (lane 1) and E8498 toxin (lane 2) gave bands corresponding to a pentamer (B5) and a monomer. On the other hand, S7 toxin gave a band corresponding to a multi-B subunit aggregate (B1), which migrated much more slowly than that of B5 of CT and E8498 toxin. Spontaneous aggregates of the B subunit obtained by Sephadex G-75 chromatography as the last step in the purification of S7 toxin (peak 2 of Fig. 1 ) also migrated to the same position as the multi-B subunit aggregate of S7 toxin (Fig. 1, lane 4) . Higher concentrations of SDS up to 1.0% did not affect the results in Fig. 5 (data not shown) . These results indicate that the molecular structure of subunit B of S7 toxin is different from that of CT and E8498 toxin.
Biological (PF) activity. The dose-response curves for the PF test are shown in the left part 1f Fig. 6 . S7 toxin produced a curve almost identical to those of 569B CT and E8498 toxin. Neutralization curves of the PF of each toxin with anti-569B CT are shown on the right side of Fig. 6 . Limit of blueing doses of 569B CT, E8498 toxin, and S7 toxin were 56.8, 57.8, and 66.2 ng, respectively. These results indicate that the three toxins share almost the same amount of CT antigenic determinants.
Immunological identity. Ouchterlony immunodiffusion tests were carried out with 569B CT, E8498 toxin, and S7 toxin against antisera prepared by immunization of rabbits with each purified toxin as antigen. As shown in Fig. 7 , each antiserum gave single and common precipitation lines against 569B CT, E8498 toxin, and S7 toxin, and the lines were fused with each other without spur formations. These results indicate that S7 toxin is immunologically identical to 569B CT and E8498 toxin.
DISCUSSION
Previously we purified and characterized an enterotoxin from an environmental non-O1 vibrio, strain E8498 (29 this paper we report the purification and properties of an enterotoxin from a human isolate, strain S7. Purified S7 toxin showed greater relative mobility in conventional polyacrylamide disc gel electrophoresis (Fig. 2) , more acidic pI (Fig. 3) , smaller molecular size of subunit B (Fig. 4) , and larger molecular size of the subunit B aggregate (Fig. 5) , as compared with 569B CT and E8498 toxin. These differences in physicochemical properties indicate that S7 toxin may not be identical to 569B CT and E8498 toxin, which appeared to be identical to one another (29) .
Several previous reports suggested that non-01 enterotoxin may not be completely identical to CT. Ohashi et al. (19) reported that CT-like non-O1 enterotoxin might differ from CT because PF activity in the culture filtrate of a non-01 strain was not completely neutralized by cholera antitoxin. Zinnaka and Carpenter (30) reported similar results, but later they showed that the unneutralizable nonspecific PF activity could be removed from the toxin preparation (32) . Nevertheless, Zinnaka and Fukuyoshi (31) found other evidence that suggested that non-O1 toxin and CT might be different; that is, the PF activity of a non-O1 strain, S2, which was isolated from a patient during the same epidemic in Sudan from which S7 was isolated, migrated more rapidly than that of 569B CT in conventional polyacrylamide gel electrophoresis. Our observations on the electrophoresis of S7 (Fig.  2 ) support their findings with the S2 strain. Kaper et al. (14) recently reported from a genetic study that the DNA sequence encoding enterotoxin in non-O1 strains is not identical to that terizations. However, we have compared several physicochemical properties of a heat-labile enterotoxin (LT) produced by enterotoxigenic Escherichia coli grown in the presence and absence of lincomycin. The results (unpublished observations) showed that both toxins gave the same mobilities on SDS-polyacrylamide gel slab electrophoresis, the same pIs, and the same amino acid composition. Moreover, E8498 toxin produced in the presence of various concentrations of lincomycin (100, 200, and 300 pLg/ml) gave the same mobility on SDS-polyacrylamide slab gel electrophoresis and the same pls. Thus, we assume that the toxins produced in the presence of lincomycin have the same physicochemical properties as those produced in the absence of lincomycin.
LT produced by enterotoxigenic E. coli is similar to 569B CT biologically, enzymatically, immunologically, and in molecular construction (1, 7, 12, 15, 18, 25) , although some heterogeneity in antigenicity and amino acid sequence has been demonstrated (1, 2, 5, 15, 24) . Recently, it was found that there are two kinds of LT, human (LTh) and porcine (LTp), and that LTh and LTp differ in antigenicity, amino acid composition, and size of subunits (9, 13, 26; R. K. Holmes, E. M. Twiddy, and R. J. Neill, in Y. Takeda and T. Miwatani, ed., Bacterial Diarrheal Diseases: An International Symposium, in press). More- over, a difference between 569B CT and enterotoxin from an El tor strain of V. cholerae has also been reported (23) . These results, together with the data from this study, indicate that although the enterotoxins produced by V. cholerae 01 and non-01 strains and by various kinds of enterotoxigenic E. coli all bear close resemblance, they may also exhibit considerable molecular heterogeneity. Further characterization of other strains is likely to reveal an even larger number of molecular species.
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